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Abstract 
In the 21st century, sedimentary basins are moving rapidly from single-use zones – such as petroleum – to highly complex, vertically 
and laterally stratified, multiple-use zones. Several independent industry and community sectors, such as petroleum, water, 
geological carbon storage, coal seam methane and geothermal, will be competing for access to, and the use of, limited pore space and 
the resources within it. These sectors are often in direct conflict, for example geothermal energy production and geological carbon 
storage (GCS) are almost mutually exclusive. Geothermal is also in competition with the water sector (agriculture, communities etc) 
for the right-to-produce fluids. 
 
This new environment requires an innovative and proactive response from government, one in which the relative value and benefit of 
a wide variety of known and potential resources can be quantitatively assessed, and thereby managed, for the benefit of the State. 
This requires the building of robust and high-resolution geoscience information and knowledge systems which support the informed 
management of basins as multiple use zones, thus enabling the GCS, geothermal, petroleum and water sectors to co-exist and 
prosper. These basin resource management frameworks must be constructed at a regional-scale to allow assessments to be made of 
potential impacts and relative values of all relevant earth resources. 
 
As part of the Victorian Government’s geological carbon storage assessment, GeoScience Victoria’s VicGCS initiative has been 
collating, interpreting and integrating a wide-range of disparate geoscientific data from the onshore and offshore Gippsland Basin, 
the premier geological carbon storage location in Australia. The data include the distribution and properties of sedimentary horizons 
and faults (including the construction of basin-scale 3D models), rock property data, fluid compositions (water, hydrocarbons etc) 
and fluid flow properties, pressure data, reservoir data and extensive investigations of containment, to build highly complex and 
predictive geoscience models. In addition to providing a quantitative and agreed means of assessing and managing earth resources, 
the models provide data and ideas which dramatically improve the understanding of the current and undiscovered resource inventory.  
 
The basin resource management framework for the Gippsland Basin provides government with the management tool-kit and 
knowledge necessary to develop an informed strategy to manage the basin’s pore space and other resources, in order to maximize the 
benefit from each resource and to minimize potential conflicts between competing resource sectors. This knowledge will also 
facilitate the gazettal of GCS acreage, GCS roll-out, and provide the basis for monitoring the basin through the GCS life-cycle. For 
example, through sufficient understanding of fluid migration in the basin, it is possible to monitor plumes of injected CO2, as well as 
the far-field effects of the injected plumes (e.g. formation pressure and the water table) across the entire basin. The regional or basin-
scale knowledge required by government complements the focused and much more site-specific studies undertaken by industry. 
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1. Introduction 
The State of Victoria, in south-eastern Australia, contains enormous resources of brown coal which is currently used 
to supply the vast majority of the State’s electricity. The ongoing use of these resources within a carbon-constrained 
world will be dependant upon a number of emission-reduction strategies, of which geological carbon storage (GCS) is 
one key approach being undertaken by the State. Victoria has a range of highly attractive potential geological carbon 
storage options, three of which are located within 100-200 km of the principal stationary emissions’ sources in the 
Latrobe Valley (Figure 1). These three proximal options comprise the onshore, nearshore (within 3 nM of coastline) and 
offshore Gippsland Basin, the Bass Basin and the Torquay Sub-basin, which is the easternmost extension of the Otway 
Basin. Work by the Carbon Storage Taskforce [1] has rated both the Gippsland and Bass basins very highly in terms of 
their geological carbon storage (GCS) potential. The Torquay Sub-basin is considered to have significant, but much 
lower prospectivity. GeoScience Victoria’s view is that the State should primarily evaluate the most prospective regions 
within its premier storage option, that is, the Gippsland Basin. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1. Proximity of Victoria’s south-eastern sedimentary basins to the major source of CO2 emissions (Latrobe Valley). 
A detailed geological evaluation of the Gippsland Basin is underway, which will allow the roll-out of geological 
carbon storage in an informed manner, with minimal impacts on other key resources present within the basin system, 
such as hydrocarbons and deep fresh groundwater. In this paper, a summary of the key criteria for the regional 
assessment of GCS basin suitability are presented for the offshore, onshore and nearshore Gippsland Basin. 
2. Gippsland Basin 
2.1. Regional Setting 
The Gippsland Basin is one of Australia's most prolific hydrocarbon provinces and is situated in south-eastern 
Australia, about 200 km east of the city of Melbourne, Victoria (Figure 1). The basin, which has both onshore and 
offshore elements, has proven to be a world-class hydrocarbon province and contains several giant oil and gas fields 
(Figure 2). Large-scale petroleum exploration and production has been underway in the region for over forty years and 
petroleum development and production infrastructure and pipelines are very well-developed.  
 
The vast majority of the discoveries in the Gippsland Basin are reservoired within the siliciclastics of the Late 
Cretaceous to Paleogene Latrobe Group and all of the currently producing fields are located offshore, typically in 
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shallow water. The primary regional top seal within the basin is the Oligocene Lakes Entrance Formation, which was 
deposited in an early post-rift setting in a range of deep marine to nearshore environments [2, 3, 4, 5, 6].  
 
Figure 2. An interpretation of top seal potential for CO2 storage, Gippsland Basin, showing relative suitability for geological carbon storage. 
A series of intra-formational seals, of varying extent and quality, are also present deeper within the Latrobe Group, 
and in some locations these can seal intra-Latrobe hydrocarbon accumulations. The Early Cretaceous Strzelecki Group, 
a sequence of intercalated volcaniclastic sands, shales, siltstones and mudstones, occurs stratigraphically below the 
Latrobe Group and hosts several small to moderate, currently uncommercial dry gas accumulations onshore [2]. 
Reservoir quality within the Strzelecki Group is, however, generally very poor [5] and the sequence probably only has 
exploration potential for tight gas. 
 
The exploration paradigm for geological carbon storage in the Gippsland Basin involves CO2 injection into high-
quality Latrobe Group sandstones, with ultimate sealing being provided by the Lakes Entrance Formation. Intra-Latrobe 
seals may provide potential baffles which will inhibit the rate and extent of CO2 migration in the sub-surface.  
2.2. Current Research: VicGCS Initiative 
In order to dramatically improve the understanding of the Gippsland Basin, the Victorian Government funded the 
VicGCS initiative (Victorian Geological Carbon Storage) in 2008. The objective of this four year initiative is to assess 
the geological carbon storage potential of the Gippsland Basin at a sub-basin to basin-scale. VicGCS has contributed, 
and continues to contribute, very significantly to the understanding of the basin’s GCS potential, via a number of 
reports [4, 5], papers [2, 3, 6], studies and conference presentations. VicGCS has built significantly upon earlier studies 
as well as more current studies [1, 7, 8, 9, 10, 11, 12, 13]. 
 
VicGCS has three primary technical components, namely the regional assessment of containment, capacity-
injectivity-storage potential and impacts. The building of an attributed, regional 3D geological model of the Gippsland 
Basin is providing the ability to develop informed management strategies for the roll-out of geological carbon storage 
within the basin. This regional model will also provide the framework within which the more detailed, site-specific 
geological studies associated with CO2 injection will be undertaken and provide the basis for the sustainable 
management of the basin as a multiple-use zone (water, geothermal, petroleum, GCS) through time. 
2.3. Suitability of Gippsland Basin for Geological Carbon Storage: Regional Assessment 
The most critical aspect of geological carbon storage from the VicGCS viewpoint is the development of a sufficient 
understanding of the containment and impacts technical themes. If the injected CO2 cannot be safely contained in the 
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sub-surface, preferably permanently, or at least for many thousands of years, then injection probably should not be 
undertaken. Similarly, if potential impacts and the costs of the impacts on other resources, such as hydrocarbon or water 
resources and as-yet unrealised geothermal resources, or the natural and man-made environment are too high relative to 
the net benefit, then geological carbon storage should not take place. For example, there seems little value in injecting 
CO2 into any area which could, after migration, effectively sterilise significant petroleum resources. Managing potential 
resource conflicts is vital for a successful geological carbon storage outcome.  
 
Consideration of injectivity-capacity-storage potential is also important, and comprises a geo-economic overlay 
within the larger assessment process, especially for the Gippsland Basin, an area with proven reservoir quality and 
storage potential (based upon petroleum production history). GeoScience Victoria considers that a detailed assessment 
of both containment and impacts in effect acts as a high-level “filter”, which determines those areas within the basin 
that can potentially be viable as CO2 storage sites. This is especially true as GeoScience Victoria’s own assessments, as 
well as those of the petroleum industry, the CO2CRC, Senergy [14] and also the Carbon Storage Taskforce, have all 
concluded that the Latrobe Group within the Gippsland Basin has exceptional reservoir qualities. Injection within the 
deeper Latrobe Group, at depths of at least 3,000 m, should be viable; permeabilities of greater than 100 mD are 
common at these depths, and the net-to-gross ratios are often well in excess of 50%, within sand packages averaging 
hundreds of metres thick [14]. 
2.3.1. Containment Assessment 
The sealing potential of the regional Lakes Entrance Formation top seal is shown in Figure 2, along with the major 
oil and gas fields. State and federal greenhouse gas storage blocks are shown on Figures 1 and 3. The interpreted top 
seal potential is based upon a large number of VicGCS studies, including [2, 3] and [4, 5, 6] and uses a modified, 
industry-standard “traffic-light” approach.  
 
From a top seal containment viewpoint, the vast majority of the offshore basin is very suitable for geological carbon 
storage, as evidenced by the extensive green areas present (Figure 2). The only parts of the offshore basin that appear 
unsuitable or moderately suitable for geological carbon storage are the far south-western (parts of the Southern 
Platform) and the far north-eastern (Northern Terrace) flanking areas. It also appears that the southern one-third of the 
offshore greenhouse gas storage blocks have inadequate top seal containment potential.  
 
Containment potential appears to be moderate to excellent across much of the nearshore zone within the Gippsland 
Basin. However, top seal containment is expected to be viable over only a small part of the onshore Gippsland Basin 
due to either the absence of the Lakes Entrance Formation or the lack of suitable sealing lithologies [4, 5, 6]. The area 
with high quality seal is restricted to the Lake Wellington and Seaspray depressions, near the coast. 
 
Moreover, recent work on the hydrodynamics of the entire Gippsland Basin, undertaken by CSIRO for GeoScience 
Victoria (as part of VicGCS) indicates that the surface lakes in the Lake Wellington Depression are in hydrologic 
communication with the deeper Latrobe Group aquifer. These observations indicate that the top seal is probably being 
breached by faulting. The top seal in other parts of the basin [4, 5, 6], which are structurally similar to the margins of 
the Lake Wellington Depression (i.e. areas where the seals are thin and more carbonate-rich; red and pink on Figure 2), 
are also prone to breaching because of Neogene fault reactivation. The faults cause the thin and more brittle seals to fail, 
providing conduits from depth for fluid flow. Our interpretation is that the fault systems that cut through and along the 
edge of the Lake Wellington Depression are resulting in failure of the seal and exchange of groundwater between the 
deeper Latrobe Group aquifer and the surface and near-surface systems. As such, the available geological data indicates 
that the Lake Wellington Depression does not appear to be suitable for geological carbon storage. The risks associated 
with potential leakage would be too great, especially given that other storage options exist.  
 
Overall, the hydrodynamic assessment, when combined with the geological results, suggest that only a small portion 
of the Seaspray Depression within the onshore Gippsland Basin might be suitable for geological carbon storage (Figure 
2). Due to a lack of top Latrobe Group structural traps onshore at depths greater than 800 m (the depth required for 
supercritical CO2 containment), the trapping mechanism within the onshore Seaspray Depression would be exclusively 
saline aquifer trapping. 
 
The most suitable, lowest risk CO2 storage option within the onshore and nearshore zones appears to be present 
within the nearshore area of the Seaspray Depression. In this region, large structural traps have been identified (Figure 
2), which appear to be closed. Confirmation of their structural veracity and containment potential is required, but it 
appears, based upon current information, that these structures and their surrounding aquifer systems could safely store 
perhaps 100 to 300 Mt of CO2. 
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2.3.2. Impacts Assessment 
2.3.2.1. Offshore 
 
In the offshore parts of the basin, the principal potential impacts are physical contamination of existing hydrocarbon 
resources, and localised and regional pressure effects induced by injection. A simplified means of assessing potential 
impacts is through mapping of the approximate buoyancy-driven migration vectors for a number of pseudo-injection 
sites located throughout the basin (Figure 3). The geological surface modelled is the base of the regional seal, the Lakes 
Entrance Formation (or the top of the Latrobe Group reservoir). Injection sites and the trajectories of the resulting 
plumes have been colour-coded so that trajectories can be more easily related to their source. Similar colours have been 
used to denote effective “injection provinces” within which the collective plumes will behave similarly.  
 
Figure 3. Buoyancy-driven migration vectors for CO2 injected at pseudo-well locations within the Gippsland Basin. 
Figure 3 and work by O'Brien et al. [2, 3] demonstrate that the Gippsland Basin is dominated by several highly 
connected fill-spill systems. These include the two dominant systems, the Northern and Southern Fill-Spill Chains 
(NFSC, SFSC), which connect almost the entire hydrocarbon inventory within the basin, These two chains merge at the 
Barracouta gas field and form the Golden Beach Fill-Spill Chain (GBFSC), which then extends onshore and provides 
the primary exit point for fluids migrating from the Gippsland Basin. To the south of the SFSC is the Dolphin-Perch 
Fill-Spill Chain, which links a number of small fields in the offshore and then extends onshore, in the Alberton 
Depression. Also shown on Figure 3, is the interpreted limit of effective top seal (containment limit) and the finite edge 
(or “zero edge” of the regional seal). It is evident that both the Golden Beach and Dolphin-Perch Fill-Spill Chains 
intersect the onshore in areas that have no seal potential (Figure 3). 
 
Hydrocarbon production in both the Southern and Northern Fill-Spill Chains will continue for perhaps several 
decades [15] and consequently the Central Deep region has been discounted for use as a CO2 storage province for the 
foreseeable future. On the northern flank of the Gippsland Basin, migration of injected CO2 will be principally to the 
northeast (Figure 3). Overall, it appears that top seal development through this region is inferior to that present along the 
southern flanks and the sealed zone is narrower. In addition, a number of hydrocarbon discoveries have been made 
along both the Rosedale and Lake Wellington fault systems, several of which are in production. Combined, these 
factors indicate that this region will be unsuitable for use as a CO2 storage province for the foreseeable future.  
 
The southern flank of the basin (the Southerly Migration Province) equates approximately to the offshore Federal 
Greenhouse Gas Storage Blocks. Within this province, any injected CO2 will migrate principally to the southwest, away 
from both the Central Deep and also the large oil and gas fields in the region. This will effectively eliminate any direct 
impacts from CO2 injection on the fields, except for possible pressure effects. The far western part of this region 
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coincides with part of the Dolphin-Perch Fill-Spill Chain. As such, this area needs to be avoided, as any plumes 
entering this region may potentially migrate along the fill-spill chain to the onshore, where containment will be lost. A 
key technical factor in undertaking successful GCS across the wider Southerly Migration Province would be ensuring 
that the migrating CO2 plume(s) never reach the edge of the effective sealing units, located to the southwest.  
 
The lack of perceived petroleum prospectivity (due to a lack of traps) is also strongly positive, as is the fact that 
relatively few exploration wells have been drilled through the region into which the CO2 plumes will migrate (and 
hence the need for remediation on abandoned wells will be minimal). The primary trapping mechanism through this 
area will be saline aquifer, primarily utilising residual and solution trapping. The key risk in this region is that the CO2 
plumes will reach the edge of the effective seal and that containment would be lost. However, the results of CO2 
systems modelling undertaken with GeoScience Victoria by both CSIRO and Schlumberger suggest that large volumes 
can be stored through this region whilst maintaining very acceptable plume sizes.  
 
This work is ongoing and needs to be further informed and refined by the results of further detailed evaluation 
programmes. Similarly, the possible effects of pressure increases induced by CO2 injection within the Latrobe Group 
aquifer system need to be quantified at site-specific and regional scales.  
2.3.2.2. Onshore 
 
In the onshore, potential impacts include physical contamination of existing hydrocarbon resources, localised and 
regional pressure effects induced by injection, the contamination of shallow and deeper fresh groundwater resources, 
possible leakage to surface and effects on flora, fauna, humans and infrastructure. 
 
In the coastal parts of the Seaspray Depression, which were identified as the most prospective location for geological 
carbon storage onshore, very low salinity Latrobe Group deep groundwater has been identified by the VicGCS project 
and cited as a potential key impact for GCS [4]. Salinities as low as 100 ppm have been observed, with salinities 
typically being between 300 and 1,000 ppm at depths between 1,000 and 1,500 m. Mapping of this fresh water wedge at 
GeoScience Victoria has revealed that it extends throughout the Latrobe Group across most of the onshore region, as 
well as into the western part of the offshore area. The fresh water wedge has adversely affected the sealing quality of 
the more carbonate-rich sealing units within the Lakes Entrance Formation (via some dissolution), which has further 
reduced containment potential [2, 3, 6]. This fresh water resource onshore is currently unallocated and unused, and 
hence there may be policy and environmental issues regarding its contamination with CO2, should injection proceed 
onshore.  
 
It seems unlikely that any of the Latrobe Group reservoirs within the inboard Seaspray Depression will contain 
significant hydrocarbon resources, as the area is not located on any major fill-spill chain, which could bring substantial 
volumes of hydrocarbons from the offshore region to the onshore. One possibility is that hydrocarbons could migrate 
into Latrobe Group traps from the deeper Strzelecki Group hydrocarbon system. Another issue with this region is that 
top Latrobe Group traps are located significantly shallower than 800 m sub-surface; above the approximate depth 
required to maintain CO2 in the supercritical state. Consequently, the onshore play is almost exclusively an intra-
Latrobe storage play, requiring sealing by intra-Latrobe shale and mudstone intervals, which to date, are very poorly 
understood. Should gaseous CO2 migrate to the top Latrobe Group level in this region, migration rates and possibly 
leakage rates would be much higher than would be the case with supercritical CO2. This presents a key risk to this 
storage option. 
 
The region onshore which is adequately sealed appears to be quite narrow. GeoScience Victoria considers that the 
risks of adverse impacts associated with CO2 injection onshore are probably too great at this stage and, as a 
consequence, storage options in the nearshore and offshore appear more suitable. A good understanding of both 
containment and also CO2 migration across the coastal strip within the Seaspray Depression will, however, be critical if 
injection takes place in the adjacent nearshore area (as CO2 could potentially migrate into this zone). Consequently, 
work is currently underway to improve the understanding of containment and migration is this region. 
2.3.2.3. Nearshore 
 
Large structural traps identified in the nearshore area offer a very attractive potential geological carbon storage 
option, as possible storage volumes appear to be large and the injection wells could be drilled from the onshore (Figure 
4). The primary potential impact associated with any structure in the nearshore is probably on the fresh water resources 
within the Latrobe Group aquifers. Injection is envisaged to take place in down-dip locations, seaward of the structural 
crest, thereby allowing progressive migration into, and filling of the trap (Figure 4). No direct impact on fresh water 
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resources onshore will occur, as injected and migrating CO2 will be ultimately trapped within the structural closure. The 
structural traps are not located on any fill-spill chain and hence it is unlikely that these traps will contain significant 
hydrocarbon inventories.  
 
Figure 4. Nearshore Gippsland Basin trapping model: schematic depiction (overlain on seismic line) of injection into a saline aquifer down-dip from a 
structural trap located in the nearshore Gippsland Basin, with migration of CO2 towards shore and into structural trap. Location of seismic line 
indicated. 
 
3. Storage Summary: Gippsland Basin 
The Gippsland Basin has been rated for its suitability for geological carbon storage on the basis of detailed 
assessments undertaken as part of the VicGCS initiative, including a regional assessment of migration vectors, top seal 
containment, and potential impacts on other resources such as groundwater and petroleum accumulations. This work 
informs the development of a basin resource management framework. 
 
The onshore Gippsland Basin has very limited GCS potential due to the ubiquitous presence of deep fresh 
groundwater resources, as well as an interpreted lack of top and perhaps also fault seal integrity. The Central Deep 
region has been eliminated from short- to medium-term consideration because of ongoing petroleum production within 
this area. Two areas which appear to combine geological suitability with a low risk of adverse impacts are the nearshore 
Seaspray Depression and the Southerly Migration Province.  
 
In the nearshore Seaspray Depression, CO2 could be injected into aquifers which lie in the “catchment” surrounding 
a number of four-way and three-way dip-closed structural traps located in the area (Figure 4). The storage play for the 
Southerly Migration Province involves large-scale saline aquifer trapping (Figure 5). Here, large volumes of CO2 could 
be injected into the deeper Latrobe group reservoir interval, with the resulting plume progressively migrating to the 
southwest across the Southern Terrace and Platform. Impacts should be minimal, as the region has low petroleum 
prospectivity and the CO2 plumes will migrate away from known hydrocarbon fields.  
 
The approach taken within VicGCS has been to assess Victoria’s premier storage basin, the Gippsland Basin, at a 
truly basin scale to develop a basin management resource framework. The outcomes of this work will enabled the 
development of a high-level plan for the informed and progressive roll-out of geological carbon storage in the region, 
which ensures that adverse impacts are minimized or avoided. In this manner, potential conflicts with the users of other 
resources, such as deep fresh groundwater resources and hydrocarbon producers, will be mitigated. Similarly, the 
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availability of a basin-scale geological model will assist in assessing potential future impacts involving other emerging 
industries, such as geothermal energy production, which also utilize the fluid and pressure systems within the basin.  
 
Figure 5. Southern flanks of Gippsland Basin trapping model: schematic depiction showing injection into the south-western Central Deep, with 
migration to the south-west across the southern flanks (Southern Terrace and Platform), with trapping in saline aquifers (by residual trapping and 
dissolution). CO2 does not reach edge of regional Lakes Entrance Formation seal. Location of seismic line indicated. 
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